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pin, is in the direction of the centre line of the rod, this force alone would produce motion in the prescribed path, and no other force need be considered as acting to produce such motion at this particular phase. The rod is under compression.
In Fig. 29 the condition is similar, except that the connecting-rod is now under tension instead of compression, and the action on the pin is a pull instead of a thrust, but, as before, the force acts" tangentially to the path.
In Fig. 30, however, the force P' exerted by the connecting-rod on the pin (thrust) is not in the direction of the tangent to the path, and hence it alone cannot produce motion in the required
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direction. If, however, a force P", be introduced in the direction of the centre line of the crank, of such magnitude that it, combined with Pf', will have a resultant P in the line of the tangent to the path of the pin, the conditions necessary to produce motion in the required direction will be present ; and unless such a component of force is acting in conjunction with P', the required motion cannot take place. If the crank-pin were a free body this force would be an external force, but it will be seen that it would be very difficult to apply such an external force in the right direction and of the proper magnitude, for these requirements constantly change. In case of constrained motion the material connection (the crank in this case) supplies this force by its own resistance to a change of form. The primary acting force, alone, would impart motion in the direction of its own line of action, but this motion could not take place without changing the form of the crank, and the crank offers resistance to this change, by just the necessary amount" for constrainment. As action and reaction are always equal, the force exerted on the crank to change its form is met by a corresponding counter-action, or reaction, just sufficient